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What turned you on to biology in the fi rst place? As a child, I was attracted to living creatures and enjoyed playing with beetles, tadpoles and caterpillars. I even had a pet bumblebee at one point. However, what really turned me on to biology was spiders, or specifi cally, spider webs. When I was in middle school, I wondered how spiders knew how to make very specifi c spider web patterns. My brother told me that this behavior was somehow encoded in their chromosomes. I thought it was so profoundly mysterious that a sequence of nucleotides could determine complex behaviors. At that point, I knew I was going to study biology.
And what drew you to your specifi c fi eld of research? Throughout my undergraduate and even graduate career, I tried to avoid being specialized in any particular area of biology, because I loved all of it. I am still interested in everything from cell signaling to neuronal circuits to the evolutionary basis of diseases. What initially attracted me to immunology was a paper written in 1989 by the late Charles A. Janeway, Jr., in which he proposed a theory of pattern recognition and innate control of adaptive immunity. I thought it was an elegant framework that could revolutionize our understanding of the immune system. I was lucky to have worked with Charlie on this problem during my postdoctoral studies. Now that this problem has Q & A been largely solved, my interests have shifted towards other areas, which are either unpopular and understudied, or lack an appropriate simple conceptual framework.
If you had to choose a different fi eld of biology, what would it be? It would likely be neurobiology, genome biology or systems biology, because these fi elds are poised to reveal some really fundamental new principles. In neurobiology, there is currently a lot of excitement with the possibility to defi ne all of the neural circuits and their properties that enable different types of computation. From there, a new set of rules will emerge that will defi ne how elementary circuits combine into more complex neural networks. In genome biology, there are likely to be some very surprising discoveries that will explain the evolution and architecture of the genome and its functional units, such as promoters and enhancers. It is likely that these principles are based somehow on non-coding functions of RNAs. And systems biology, fueled by new technologies and 'big data', is very exciting because it addresses the general design principles of biological systems.
Do you believe there is a need for more crosstalk between biological disciplines? Scientifi c progress inevitably leads to the emergence of new sub-disciplines and, as they mature, they develop their own terminology and sometimes even fi eld-specifi c mindset. This results in ever-increasing fragmentation of knowledge and intellectual isolation of different disciplines. This trend is particularly pronounced in biological sciences, because generalizations are not valued in the way they are in math and physics. Nevertheless, the concepts developed in one fi eld of biology are usually applicable outside that fi eld, because we know that once evolution fi nds a solution to a particular type of problem, it re-uses that solution again and again. For example, the Notch pathway is used in a variety of scenarios for cell-fate decisions. Applying concepts across the fi elds requires the right level of formalism, or abstraction from details. Most experimental biologists prefer details to formalism and that hinders the exchange of ideas between different fi elds. Another problem lies with education -when students specialize too early to be more productive in the short term, it ultimately limits their fi eld of vision for the rest of their careers.
Do you have a scientifi c hero?
My scientifi c hero is Richard Feynman. There are many things I admire about him, including his legendary teaching talent, his intuitive approach to complex problems and his disdain for pompousness in science. I wish I had a chance to meet him in person or to attend his lectures. This brand of scientist is, unfortunately, quite rare. My other scientifi c hero is not a particular person, but all the women scientists, who persevere through prejudice and biases and, in many cases, perform double duties of raising children while doing research. If it were not for that paper I would not have become an immunologist. The second is the article entitled "Evolvability" by Marc Kirschner and John Gerhart published in PNAS in 1998. Like Janeway's paper, this article also falls into the 'perspective' category -it provides a remarkable synthesis of diverse fi elds of biology to distill simple and elegant concepts that explain fundamental features of biological systems that promote evolutionary change. I still remember when I read it the fi rst time. I was on a train from New Haven to New York City and, as I usually do, I had a pencil to highlight the parts that I particularly liked and wanted to get back to. By the time I arrived in New York, I realized that I had highlighted almost the entire paper. So, I have gone back and re-read it many times since.
What is the best advice you've been given? My postdoctoral adviser, Charlie Janeway, often said that the favorite part of his job was teaching medical students. He emphasized that his best ideas came from trying to answer very naïve questions from the students. It is defi nitely true that if you want to really understand something, you have to be able to teach it in an entry-level course. Many junior faculty consider teaching obligations a burden and a distraction from research activity. I think this is a mistake. Teaching not only gives a very special satisfaction, when the students at the end of the class have learned and understood something new, but also makes you a better scientist, and defi nitely a better communicator of science. When you listen to talks given by prominent scientists at a conference, it is always obvious who is teaching and who is not. A teacher would never put 10 data items on a slide that don't have a clear point; you always know what the takehome message is when a talk is given by a teacher-scientist. Do you feel a push towards more applied science? How does that affect your own work? Everybody should be able to do what they are passionate about, whether it is basic or applied research. Unfortunately, there is certainly a push towards applied science in biomedicine and it is affecting everyone who is doing basic research. This is obviously a very short-sighted policy, which will have a negative impact on both basic and applied research. There are far too many cases of very expensive but failed clinical trials that were not guided by a solid understanding of the underlying biology. That number will keep growing if the support for basic research continues to shrink. When researchers only cared about a quick application at the expense of basic knowledge, they invented lobotomy. There could be more of those coming our way if we stop supporting basic science. We do not want to perfect lobotomy, we want to understand how the brain works. Policymakers should be constantly reminded that the remarkable success of cancer immunotherapy, for example, is based entirely on years of painstaking basic research on T-cell signaling. Likewise, antibiotics, which save millions of lives every year, came out of a serendipitous discovery in an obscure area of basic science.
What do you think are the big questions to be answered next in your fi eld? In immunology, I think the greatest remaining mystery is allergy. We defi nitely need more basic science research to develop new treatments and cures.
What do you think are the biggest problems science as a whole is facing today? "The Republic has no need of scientists.." -these were the words of a judge who sent Antoine Lavoisier to the guillotine during the Reign of Terror in the French Revolution. Today, we can hear similar sentiments from the highest-level offi cials in many developed countries throughout the world. We will survive through the funding cuts, but the autocracy of ignorance is capable of irreversible damage. That is certainly a problem that science is facing today. But science is good at solving problems. 
